Fescue toxicosis research studies have often included serum prolactin as a physiologic index of the disorder. Serum prolactin has not been used as a clinical measure of fescue toxicosis because of variation associated with sex and physiologic condition of the animal and climatic and seasonal factors. The primary excretory route of the alkaloids responsible for this toxicosis is the urine. Three pasture experiments were conducted to examine serum prolactin and urinary ergot alkaloid variability among steers continuously grazing endophyte-infected (Eϩ) or endophyte-free (EϪ) tall fescue and among steers that were switched from one pasture form to the other. A fourth grazing experiment was used to examine how to best to manage the steers prior to sampling for urinary ergot alkaloid excretion. Coefficients of variability for urinary alkaloid excretion were consistently lower (46-65%) than serum prolactin (64-142%). Urinary alkaloid excretion patterns changed within 12 hours following switching steers from Eϩ to EϪ pasture or visa versa, but serum prolactin was recalcitrant to change. Because it is less variable and more dynamic than serum prolactin, urinary alkaloid excretion can be used for health assessment of steers grazing Eϩ and EϪ pastures. Regression analysis established a quadratic relationship between alkaloid excretion and average daily weight gain, with a regression coefficient of 0.86. Urinary alkaloid analysis was useful in determining whether cattle were consuming toxic tall fescue.
are in fact ingested by the animal and whether ergot alkaloids can be used as an index of fescue toxicosis.
In a recent study, 17 urinary and biliary excretion of ergot alkaloids from cattle grazing endophyte-infected tall fescue were compared. Ninety-four percent of the ergot alkaloids excreted were in the urine, and alkaloids appeared in urine 12 hours after placing animals on endophyte-infected (Eϩ) tall fescue. Similarly, alkaloids decreased in the urine after removing animals from Eϩ tall fescue. This dynamic association of urinary alkaloids and Eϩ tall fescue suggests that presence of urinary ergot alkaloids may be a more reliable index of fescue toxicosis than other physiologic markers, especially under field or production conditions. The objective of this study was to compare the reliability of serum prolactin with that of urinary alkaloids as a diagnostic tool for fescue toxicosis.
Materials and methods

Experiment 1: changes in urinary alkaloids and serum prolactin following switching steers between E؉ and EϪ tall fescue pastures
Autumn grazing, 1996. Four tall fescue pastures, approximately 0.8 ha in size, were tested for presence of endophytic fungus (Neotyphodium coenophialum) using tissue immunoblot test kits. a Two pastures were Ͼ90% infected with endophyte, and 2 pastures were 0% infected. Sixteen Angus steers were withheld from food and water for 16 hr, weighed, and subdivided into 4 groups based upon weight rankings, and animals from each group were randomly assigned to each pasture. The average weight of the steers was 203 kg (SD ϭ 7 kg).
Steers continuously grazed the pastures for the duration of the summer and autumn. Steers were maintained on their assigned pastures until October 22, when they were withheld from water beginning at 1400 hr. At 0800 hr on October 23, steers were weighed, and urine and blood were collected from each. Urine was collected into cups as the steers stood single-file in a crowding alley. Jugular blood (20 ml) was collected at the time of urine collection. Two steers from each Eϩ pasture were randomly selected and switched to endophyte-free (EϪ) pastures, and 2 steers from EϪ pastures were randomly selected and switched to Eϩ pastures. Consequently, 2 steers remained on each pasture to serve as controls. Steers were withheld from water, and urine and blood samples were collected on October 25, 28, and 30. Following the October 30 sampling, steers were switched back to their original pastures. Steers were withheld from water, and urine and blood samples were collected on November 1, 4, and 6 as previously described. Pasture samples were obtained on October 24 and 30 and November 4.
Summer grazing, 1997. The Eϩ and EϪ pastures used in 1996 were used again in 1997. Sixteen Angus steers were withheld from food and water for 16 hr, weighed, and subdivided into 4 groups based upon weight rankings, and animals from each group were randomly assigned to each pasture. The average weight of the steers was 191 kg (SD ϭ 2 kg).
Steers continuously grazed the pastures for 71 days beginning April 22, 1997. On June 29, steers were withheld from water at 1400 hr. At 0800 hr on June 30, steers were weighed, and blood and urine was collected. As in the autumn 1996 grazing study, 2 steers from each Eϩ pasture were randomly selected and switched to EϪ pastures, and 2 steers from each EϪ pasture were randomly selected and switched to Eϩ pastures. Urine and blood were sampled at 2000 hr again on June 30 and at 0800 hr on July 1, 2, and 4. Steers were given access to water immediately after the 0800-hr and 2000-hr sampling on June 30, but water was withheld during grazing that day and night. Steers were given access to water on pasture following July 1 and subsequent sampling days, with water withheld at 1400 hr on the day prior to urine sampling. After completion of sampling on July 4, steers were returned to the pastures to which they were originally assigned. The experiment was repeated beginning July 14. Two steers from each Eϩ pasture were randomly selected and switched to EϪ pastures, and 2 steers from each EϪ pasture were randomly selected and switched to Eϩ pastures. Randomization for the second trial was independent of that for the first trial. The same urine/blood sampling schedule was employed for trial 2 as in trial 1, with steers being withheld from water at 1400 hr on July 13 and the first urine/blood sample collected at 0800 hr on July 14, after which the steers were switched to their respective pastures. The final urine/blood sample was collected on July 18. Forage samples were obtained on June 30 and July 1, 4, 14, 15, 16, and 18.
Experiment 2: variation in urinary ergot alkaloid and serum prolactin among steers continuously grazing E؉ or EϪ tall fescue
The Eϩ and EϪ pastures used in experiment 1 were used in this experiment. Sixteen Angus steers were withheld from food and water for 16 hr weighed, and subdivided into 4 groups based upon weight rankings, and animals from each group were randomly assigned to each pasture. The average weight of the steers was 191 kg (SD ϭ 2 kg). Steers continuously grazed the pastures for 56 days beginning April 22, 1997. Urine and blood samples were collected as previously described on days 0, 1, 3, 5, 7, 14, 21, 28, 35, 42, 49, and 56. Steers remained on pasture but water was withheld from the steers beginning at 1500 hr the day prior to sampling. Steers were removed from pastures at 0800 hr immediately prior to sampling blood and urine. At the end of the 56-day grazing period, steers were moved to a dry lot for 16 hr where they were restricted from feed and water. Final weights were taken on consecutive days, and average daily gain (ADG) during the grazing period was calculated for each steer. Urinary alkaloid excretion was measured and used as the independent variable in a regression analysis using ADG as the dependent variable. Serum prolactin concentration was determined in blood samples. Analysis of variance (ANOVA) was conducted on prolactin and alkaloid excretion values to determine differences and variability among pasture treatments within sampling dates. Pasture samples were collected every 7 days beginning on day 0 and were analyzed for ergot alkaloids. 17
Experiment 3: establishing animal handling requirements for diagnosing fescue toxicosis via urinary ergot alkaloids
Requirement for keeping animals on or off water prior to urine sampling. The Eϩ and EϪ pastures used in experiments 1 and 2 were used in this experiment. Twenty-four yearling Angus steers were withheld from food and water for 16 hr, weighed, and subdivided into 4 groups based upon weight rankings, and animals from each group were randomly assigned to each pasture. The average weight of the steers was 228 kg (SD ϭ 1.5 kg). Steers continuously grazed the pastures for 28 days beginning April 21, 1998. Urine was collected on day 0 and every 7 days thereafter. Steers were removed from pastures at 1600 hr the day prior to urine and blood sampling, and 3 steers from each pasture assigned to 1 of 2 lots. In 1 lot, the steers had no access to water; in the other lot steers had continuous access to water.
Requirement for keeping animals on or off pasture prior to urine sampling. The same steers were permitted to graze an additional 28 days with the same steer assignments to pastures. Beginning on May 26, 1998, 3 steers from each pasture were randomly selected and moved to a dry lot at 1600 hr the day before urine was to be sampled. The remaining steers were left on pasture until immediately prior to sampling urine. All steers were given continuous access to water. Urine samples were collected at 0800 hr the day after steers were moved to the dry lot. Urinary alkaloid and creatinine were measured for each sample. 
Pasture sampling, processing, and analysis
Forage was sampled by hand clipping plants from a 20cm 2 area at 20 random locations while walking through the pastures. Samples were freeze-dried and ground to pass a 1mm screen using a Wiley mill. Forage samples were reground to pass a 1-mm screen using a Cyclone mill and analyzed for ergot alkaloids.
Ergot alkaloid analysis
Pasture ergot alkaloid analyses were conducted by competitive enzyme-linked immunosorbent assay (ELISA) using monoclonal antibodies from murine hybridoma cell line 15F3.E5. 7, 8 The assays were conducted by coating microtiter plates b with 188 pg of human serum albumin (HSA) to which lysergol had been conjugated. Plates were blocked with 10% bovine serum albumin in phosphate buffer. Urine samples were analyzed for alkaloids by competitive ELISA as previously described. 17 Samples were serially diluted (1: 2 to 1:16) in borate saline solution prior to ELISA. Fifty microliters of diluted urine was added to precoated (HSAlysergol) microtiter plate wells followed by 50 l of a 1:100 dilution of hybridoma medium containing antibodies. The plates were incubated for 120 min at 21 C. Plates were washed 3 times, and 50 l of a 1:500 dilution of rabbit antimouse antibody with an alkaline phosphatase conjugate c was added to each well and incubated for 120 min at 21 C. Plates were washed 3 times, 50 l of p-nitrophenylphosphate solution was added to each well and incubated for 15 min at 21 C, and absorbance was read at 405 nm using a microplate reader. To quantitate alkaloids, a standard curve was established in the diluted urine from steers grazing the EϪ pastures to account for possible cross-reactivity by animal metabolites. Lysergic acid was used for the standard curve. Urine was also analyzed for creatinine. 13 Concentration of urine alkaloids was calculated as the nanograms of urinary alkaloids present per milligram creatinine to account for variation in urine concentration.
Prolactin analysis
Blood samples from steers from experiments 1 and 2 were permitted to clot at ambient temperature and were subsequently stored on ice in the field. Samples were stored overnight at 4 C, and serum was harvested following centrifugation. Serum was stored at Ϫ20 C until analyzed for prolactin. Prolactin was determined using a radioimmune assay. 20
Statistical analysis
To examine treatment effects on urinary alkaloid excretion and serum prolactin for experiment 1 autumn grazing, a split-plot model was used, with pasture endophyte treatment (i.e., Eϩ, EϪ, Eϩ to EϪ to Eϩ, or EϪ to Eϩ to EϪ) considered the whole plot and time considered the split plot. An ANOVA was conducted whereby pasture endophyte treatments were considered fixed effects because animals were not reassigned during the experiment. For experiment 1 summer grazing, a similar model was used. Because this experiment was repeated in time (2 trials), trial was included as a treatment variable in the ANOVA. There were no trial by treatment interactions, and consequently the data were combined. For experiment 2, a randomized complete block was used, with animals serving as subsamples within each pasture unit. Pasture endophyte status was considered a fixed effect in the ANOVA, with sampling time as a split plot in time. For experiment 3 withholding water, endophyte and water availability treatments were considered fixed effects in the ANOVA, with sampling dates as a split plot in time. For experiment 3 withholding food, endophyte and pasture (on/ off) treatments were considered fixed effects in the ANOVA, with sampling date as a split plot in time. Mean separation for all experiments was conducted using the protected (P Ͻ 0.05) least significant difference.
Results
Experiment 1: switching steers from E؉ to EϪ pastures
Autumn. Endophyte-infected tall fescue pastures contained relatively low amounts of ergot alkaloids and no alkaloids were present in EϪ pastures during the autumn grazing period of 1996 (Table 1) . Steers continuously grazing Eϩ tall fescue had urinary ergot alkaloid concentrations of at least 50 ng/mg creatinine over the duration of the study, whereas those continuously grazing EϪ tall fescue had concentrations of 10 ng/mg creatinine ( Fig. 1 ). Urinary ergot alkaloid concentration was not different among steers switched from Eϩ to EϪ and those continuously grazing EϪ tall fescue 2 days after switching. Similarly, urinary ergot alkaloid concentration was not different among steers switched from EϪ to Eϩ and those continuously grazing Eϩ tall fescue after 2 days. When steers were switched back to their original pasture assignment, the urinary ergot alkaloids were similar to those of steers continuously grazing respective Eϩ or EϪ pastures. The coefficient of variability for the urinary ergot alkaloid data was 68.
Steers continuously grazing Eϩ tall fescue had Ͻ1 ng/ml of serum prolactin (Fig. 2) . Conversely, serum prolactin of steers continuously grazing EϪ tall fescue ranged between 2.5 and 12.5 ng/ml. Although serum prolactin values ranged from Ͻ1 to 12.5 ng/ml 2 days after animals were switched between the pasture treat- ments, variability among values was high and the treatment means were not significantly different from one another. Treatment means for steers switched from Eϩ to EϪ and for steers continuously grazing EϪ tall fescue were not different from one another after 5 days. Regardless of whether they were switched from Eϩ to EϪ or whether they continuously grazed EϪ tall fescue, prolactin means for both treatments were greater than those for steers continuously grazing Eϩ or steers switched from EϪ to Eϩ tall fescue after 5 days. Prolactin values from steers continuously grazing Eϩ tall fescue were not different from those of steers continuously grazing EϪ tall fescue or steers switched from Eϩ to EϪ tall fescue on day 7. When switched back to their original pastures (day 7 of the study), steers that had been grazing Eϩ tall fescue did not have a significant increase in serum prolactin for an additional 7 days (day 14 of the study). When steers were switched back to Eϩ tall fescue from the EϪ pastures (day 7 of the study), serum prolactin decreased to Ͻ1 ng/ml within 2 days. When averaged across all treatments, the coefficient of variability for the prolactin data was 117.
Summer. Endophyte-infected tall fescue pastures contained ergot alkaloids, and the EϪ pastures were virtually free of alkaloids (Table 1 ). There were no interactions among animal treatment variables for the 2 trials conducted in the summer of 1997, so trials were combined and the analysis was conducted on the means of the 2 trials. Steers continuously grazing Eϩ tall fescue had urinary ergot alkaloid concentrations of Ͼ60 ng/mg creatinine regardless of the sampling date ( Fig. 3) . Urinary alkaloids increased within 12 hours when steers were switched from EϪ to Eϩ tall fescue and likewise decreased within 12 hours when switched from Eϩ to EϪ tall fescue. Steers continuously grazing EϪ tall fescue had ergot alkaloid concentrations of Ͻ5 ng/mg creatinine in their urine. Urinary ergot alkaloids were not different from 0 within 24 hours after steers were switched from Eϩ to EϪ tall fescue. After 24 and 96 hours, steers switched from EϪ to Eϩ tall fescue had urinary alkaloid concentrations similar to those of steers continuously grazing Eϩ tall fescue, but steers switched from EϪ to Eϩ had greater urinary alkaloids than did steers continuously grazing Eϩ tall fescue 48 hours after the switch. The average urinary alkaloid coefficient of variability for the 4 pasture treatments averaged over the 2 trials was 55.
Serum prolactin of steers continuously grazing Eϩ tall fescue remained below 5 ng/ml throughout the first pasture trial in 1997 ( Fig. 4 ). Steers switched from Eϩ to EϪ tall fescue had numerical increases in serum prolactin 24 hours after switching, but the values were not different from those of steers continuously grazing Eϩ tall fescue, regardless of time after switching, because of variability in the data. Steers continuously grazing EϪ tall fescue had serum prolactin values of Ն25 ng/ml throughout the trial, but these values were only greater than values from steers grazing Eϩ tall fescue at the 24-hour sample time. Serum prolactin in steers switched from EϪ to Eϩ tall fescue did not differ from that of steers continuously grazing EϪ tall fescue during the entire trial. When averaged across all 4 pasture treatments, the coefficient of variability for serum prolactin during trial 1 was 142.
Serum prolactin values of steers continuously grazing EϪ tall fescue was Ն30 ng/ml during the second trial (Fig. 5 ). Steers switched from EϪ to Eϩ tall fescue started the trial with Ͼ60 ng/ml serum prolactin and did not differ from the Eϩ treatment steers until 48 hours after being switched from the EϪ pasture. Serum prolactin values of steers continuously grazing Eϩ tall fescue was approximately 10 ng/ml for the duration of trial 2. Steers switched from Eϩ to EϪ tall fescue had initial serum prolactin values of approximately 14 ng/ml, and values increased to Ͼ75 ng/ml 96 hours after the switch. However, serum prolactin values of steers switched from Eϩ to EϪ tall fescue did not differ from those of steers continuously grazing Eϩ tall fescue until 48 hours after the switch. When averaged across all 4 pasture treatments, the coefficient of variability for serum prolactin during trial 2 was 65.
Experiment 2: steers continuously grazing E؉ or EϪ pastures
Urinary alkaloids increased from 0 to 325 ng/mg creatinine between day 0 and day 21 when Eϩ pastures were continuously grazed from April 22 until May 13, 1997 (Fig. 6 ). This result coincides with increasing ergot alkaloid concentration in pastures ( Table  2) . Once pastures were mowed to remove the highalkaloid plant parts (day 28), urinary alkaloids decreased immediately to 50 ng/mg creatinine and slowly increased thereafter to approximately 175 ng/mg creatinine (Fig. 6 ). Urinary alkaloids were always greater among animals grazing Eϩ tall fescue than among animals grazing EϪ tall fescue. Animals grazing EϪ tall fescue had average urinary ergot alkaloid concentrations of Յ15 ng/mg creatinine over the entire 56-day grazing period. When averaged across both pasture treatments, the coefficient of variability for urinary ergot alkaloids was 46. Serum prolactin averaged 125 ng/ml for both pasture treatment assignments at the onset of the experiment (Fig. 7) . Serum prolactin decreased immediately when animals grazed Eϩ tall fescue and was essentially 0 within 7 days of initiation of grazing. Despite the dichotomy of serum prolactin values among the 2 pasture treatments, data were so variable among animals grazing Eϩ tall fescue that means for the Eϩ and EϪ treatments were not different on days 5 and 35 (asterisk, Fig. 7) , even though mean serum prolactin values were Ն100 ng/ml for the EϪ treatment. Mean serum prolactin values varied among dates within the EϪ treatment and ranged from 50 to 175 ng/ml. When averaged across both pasture treatments, the coefficient of variability for serum prolactin was 124.
A quadratic equation gave the best fit when urinary alkaloid excretion (independent variable) was regressed with ADG (Fig. 8 ). The regression model was highly significant (P ϭ 0.0001) and had a high regression coefficient (r 2 ) of 0.86.
Experiment 3: animal handling requirements for diagnosing fescue toxicosis
Keeping animals on or off water prior to urine sampling. Urinary creatinine concentration was not dif-ferent among steers grazing Eϩ or EϪ tall fescue ( Table 3 ). However, ergot alkaloid concentration was greater among steers grazing Eϩ tall fescue than among those grazing EϪ tall fescue. Urinary creatinine was greater for steers taken off water than for those on water, but there was no difference in alkaloid excretion per unit of creatinine among animals on or off water ( Table 4 ).
Keeping animals on or off pasture prior to urine sampling. Removing steers from pasture or leaving them on pasture prior to urine sampling had no effect on urinary alkaloid excretion (data not shown). However, steers grazing EϪ pastures had higher urinary creatinine than those grazing Eϩ pastures ( Table 5 ). Ergot alkaloid excretion was greater for steers grazing Eϩ pastures than for those grazing EϪ pastures.
Discussion
Fescue toxicosis is a condition in which livestock grazing tall fescue infected with a clavicipitaceous endophytic fungus express clinical signs including rough hair coats, avoidance of sunlight, affinity to water, excessive salivation, lethargy, and in some cases lameness or extremity loss. 18 The fungus is not outwardly visible on the plant, 2 but it produces ergot alkaloids that cause the clinical signs in animals. 8 Thus, it is difficult to diagnose whether the clinical signs are associated with fescue toxicosis. Analyzing pastures for endophyte or ergot alkaloids may provide circumstantial evidence of fescue toxicosis, 6,7 but diagnosis based on pasture analysis includes the assumption that animals are consuming only toxic forage and that other nontoxic plant species are not being consumed.
Prolactin is used as a physiologic marker for fescue toxicosis because it is the most consistent physiologic diagnostic test available. 8, 11, 20 However, prolactin is highly variable depending on animal gender, reproductive state, 1 day length, 10 season of the year, 14, 15 and temperature. 21 Therefore, a more direct diagnostic tool is needed to determine if ergot alkaloids in pasture plants are in fact ingested by the animal. Ergot alkaloids are excreted in urine of steers grazing Eϩ tall fescue. 17 Variability of serum prolactin and urinary alkaloid excretion was compared in this study.
Only Eϩ pastures had significant amounts of ergot alkaloids in the harvested plant tissue (Tables 1, 2) . Consequently, animals grazing Eϩ pastures had lower serum prolactin values and higher urinary ergot alka-loid values than those grazing EϪ tall fescue in all experiments conducted ( Figs. 1-7) . Despite having higher prolactin values, there were 5 dates on which animals grazing Eϩ tall fescue had serum prolactin values not different from those of steers grazing EϪ pastures (Figs. 2, 4, 7) . This similarity was largely due to variability in values among steers grazing EϪ tall fescue. Hence, if serum prolactin values were used for diagnostic purposes, they could give misleading information relative to whether animals were consuming toxic plant tissue and thus suffering from fescue toxicosis. In contrast, urinary alkaloids were consistently higher for animals grazing Eϩ tall fescue regardless of experimental conditions or sampling date (Figs. 1,  3, 6 ). In addition, urinary ergot alkaloid excretion was more dynamic than serum prolactin when steers were switched from Eϩ to EϪ or from EϪ to Eϩ tall fescue pastures. Hence, urinary alkaloid excretion gives a more accurate assessment of whether animals are consuming toxic tall fescue than does serum prolactin, and consequently it provides a more accurate assessment of animal health.
Variability of urinary alkaloid excretion was less than that for prolactin for all experimental conditions and sampling dates, resulting in lower coefficients of variability for the urinary alkaloid values. This low variability was largely due to the use of urinary creatinine values as a correction of highly variable urinary alkaloid values in dilute versus concentrated urine samples. There was a tendency for urine from animals grazing EϪ pastures to give false-positive results for ergot alkaloids, which was assumed to be an artifact of the effect of varying salt concentration on antibody performance during the ELISA. However, even when the false-positive results were included, a relationship existed between urinary alkaloid excretion and average daily weight gain among animals grazing Eϩ and EϪ tall fescue (Fig. 8 ). This relationship suggests there is a cause/effect relationship between amount of alkaloid ingested (and subsequently excreted) and animal performance. Similar associations between prolactin and animal performance would not be feasible given the inherent variability in prolactin values associated with sex, physiologic condition, and environmental conditions and the fact that prolactin is not as dynamic as urinary alkaloids when different treatment variables were imposed on the animals.
Urine sampling is less intrusive to livestock than is blood sampling, and livestock can easily be induced to urinate. Urine can be stored in a freezer and, in contrast to serum, is not a biohazardous waste. Because urinary alkaloid excretion is proportional to the effects of fescue toxicosis (Fig. 8) , the data obtained could be used to predict the condition of the animal and its weight gain or loss potential. If the relationship between weight gain and urinary alkaloid excretion remains consistent in future experiments, it would support the expanded use of this diagnostic tool for examination of fescue toxicosis on livestock performance. Theoretically, urinary alkaloid excretion analysis could be used to screen herds for ability to gain weight and subsequently breed cattle for growth potential when grazing Eϩ tall fescue.
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